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Abstract
Hospital effluents are involved in dissemination of antibiotic-
resistant integrons. We describe here a new class 3 integron, In3-
5, detected in an Enterobacter cloacae isolate retrieved from a
random French hospital effluent sample collected in 2009. In3-5
carries two gene cassettes: the new blaOXA-256 and an aac(6′)-Ib
variant, respectively conferring resistance to b-lactams and
aminoglycosides. In3-5 is located on an IncQ-like backbone
plasmid. Class 3 integrons could thus be involved in the
dissemination of antibiotic resistance in both clinical settings and
the environment, and could participate in the exchange of
antibiotic-resistance genes between these two ecosystems.
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Several studies have underlined the environmental resistome
as a source of resistance genes, and environmental hot spots of
integron dissemination, including hospital effluents, have been
identified [1]. Integrons are bacterial genetic elements able to
capture and express genes contained within mobile gene
cassettes (GCs) [2,3]. Integrons are composed of an intI gene
encoding an integrase that mediates GC exchange, a primary
recombination site, attI, and a promoter, Pc. Different classes
of antibiotic-resistant integrons have been described, based on
the amino acid sequence of the integrase; class 1 and class 2
integrons are the most frequently found [3]. Only four
different class 3 integrons have been fully characterized to
date (Table S1): In3-1 and In3-2 in clinical Enterobacteriaceae
[4–6] and In3-3 and In3-4 from two environmental Delftia
strains [7].
In 2009, we isolated a class 3 integron-positive Enterobacter
cloacae strain (LIM73) from an effluent sample of a French
Hospital. LIM73 was resistant to b-lactams (amoxicillin and
ticarcillin), quinolones (nalidixic acid and pefloxacin), amino-
glycosides (tobramycin and netilmicin) and tetracyclin. This
class 3 integron was detected with a qPCR [8]. The GC array
was amplified with the attI3L (5′GGTATCCGGTGTTTGGT
CAG3′) and class3R (5′CGTCAAACGGGTAAGCAGT3′)
primers located, respectively, in attI3 and in the 3′ end of
class 3 integrons. This class 3 integron was designated In3-5,
according to the nomenclature used by Xu et al. [7]. In3-5
contains 2 GCs: (i) a novel blaOXA variant named blaOXA-256
(http://www.lahey.org/Studies/), and (ii) an aac(6′)-Ib variant.
The OXA256 protein has an Asn to Asp mutation at amino
acid position 73 compared with the OXA10 protein. The aac
(6′)-Ib variant harbours the mutation Leu119Ser, known to be
associated with the loss of amikacin resistance and the
acquisition of gentamicin resistance [9].
In integrons, GCs are usually promoterless and are
expressed from the common Pc promoter [3]. In In3-5, the
sequence of Pc is identical to that described for In3-1, In3-3
and In3-4 [4,7], except for one mutation located in the Pc
spacer and previously described in In3-2 (Fig. 1). Moreover, in
In3-5, upstream of the blaOXA-256 GC, we found a 161-bp
sequence previously described in the class 1 integron In53 and
containing two putative promoters that have been shown to
allow blaOXA-10 expression [10].
Sequencing of the intI3 gene revealed very high identity
(>99%) with other known intI3 genes. However, we found a G
to A mutation (Fig. 1) leading to a modified presumed start
codon (ATA instead of ATG). Such a start codon has
occasionally been described in prokaryotes and has always
been associated with very low translation levels [11,12].
Alternatively, the start codon of the intI3 gene might be
located at a different position, in which case a GTG could act
as a start codon (Fig. 1). However, it was recently shown that
in class 1 integrons the intI1 promoter is repressed by the
transcriptional repressor LexA [13]. The region upstream of
the intI3 gene also contains a LexA-binding site surrounding a
potential integrase promoter (Fig. 1) [13]. The putative
translation start site GTG would be compatible with the
more distal of the two potential intI3 promoters proposed by
Collis et al. [14], but in this case, this intI3 promoter would be
too far from the LexA binding site to be regulated by the SOS
response.
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Plasmid analysis showed that LIM73 harbours only one
plasmid of 9 kbp, designated pUL3AT (accession no.
HE616889). We sequenced the whole plasmid and found it
to be very similar to five plasmids related to the IncQ
incompatibility group, pQ7 [6], pWES-1 [15], pGNB2 [16],
pBRST7.6 [17] and pAHH04 [18]; pQ7 also contained a class
3 integron with 2 GCs (Table S1). IncQ plasmids are known
to be mobilizable. We thus performed a conjugation assay
using MFDpir::pUL3AT (Table S2) as the donor strain, and
obtained conjugation at a frequency of 3 9 103. We also
transformed Escherichia coli DH5a with the LIM73 plasmidic
DNA. Transformants and transconjugants were positive by
qPCR for intI3 and both expressed resistances encoded by
the In3-5 GCs (Table 1). The aac(6′)-Ib variant with mutation
Leu119Ser is known to encode gentamicin resistance [9].
However, we found only a slight increase of the gentamicin
MIC, which remained low (1 mg/L). This moderate reduced
susceptibility to gentamicin has been described previously
[19]. Moreover, this low level of resistance can be explained
by the fact that aac(6′)-Ib GC is in second position, the level
of GC transcription depending on the position within the
integron.
We failed to obtain transconjugants when using LIM73 and
a zeocin-resistant E. coli recipient strain, confirming that
pUL3AT is not self-conjugative. The pUL3AT plasmid has a
backbone structure nearly identical to that of other IncQ-
type plasmids found in strains from aquatic environments
[15–18]. Class 3 integrons seem to be abundant in aquatic
environments [20]; In3-3 and In3-4 integrons have been
described on the chromosome of wastewater Delftia species
and did not carry antibiotic-resistance genes [7]. We suggest
that class 3 integrons located on the chromosome of aquatic
bacteria may have been captured through transposition
events and inserted within broad-host-range plasmids. These
plasmids would then disseminate among clinical strains, and
the class 3 integrons would thus be able to acquire GCs
encoding antibiotic resistance from class 1 integrons that are
highly prevalent in clinical isolates. Indeed, at the boundaries
FIG. 1. Partial sequence of In3-5 from the Pc to the blaOXA-256 gene and alignment of the region shared with other class 3 integrons. The positions
of the Pc, the two possible Pint3 promoters [14] and the two possible POXA-10 promoters [10] are indicated, and the -35 and -10 regions are boxed
(dashed boxes for PintI3 and dotted boxes for POXA-10). The sequences of the potential start codons of intI3 and the start codon of the blaOXA-256
gene are in bold type; the dashed arrow indicates the second potential start codon of the intI3 gene. The sequence of the LexA binding site (LexA
box) is underlined. The sequence of the blaOXA-256 gene cassette is represented in italics. The 161-bp sequence between the attI3 recombination site
and the blaOXA-256 gene cassette is represented in lowercase letters. In3-1: AF416297 from Serratia marcescens. In3-2: AY219651 from Klebsiella
pneumoniae and FJ696404 from Escherichia coli. In3-3 (EF469602) and In3-4 (EF467651) from Delftia sp.
TABLE 1. MICs (mg/L) of antibiotics for E. coli DH5a and
E. coli DH5a::pUL3AT
E. coli DH5a E. coli DH5a::pUL3AT
Amoxicillin 1.5 256
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of In3-5, were Tn21-like inverted repeat (IR) sequences
flanked by a duplication of a 5-bp sequence. This suggested
that In3-5 was inserted in the backbone of the pUL3AT
plasmid by a transposition event. In3-1 also contains such an
IR sequence beyond the last GC [4]. Moreover, all the class 3
integrons contain, downstream of the GC array, the proximal
44 bp of the left-end of Tn402-type class 1 integrons [7].
The In3-1 and In3-2 integrons harbouring antibiotic-resis-
tance GCs were found in strains from patients with urinary
tract infections. LIM73 was isolated from hospital effluent,
suggesting that it may be of clinical origin. Class 3 integrons
could thus be involved in the dissemination of antibiotic
resistance in both clinical settings and the environment, and
could participate in the exchange of antibiotic-resistance GCs
between these two ecosystems.
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